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The function of humus in the base-binding properties of the soil has at- 
tracted in recent years considerable attention from soil investigators. This is 
due to the rôle of humus in removing the sesquioxides of iron and aluminum 
from the surface layers of podzol soils, to the reactivity of humus with the 
inorganic soil colloids, and to the part that humus plays in the characteristic 
and important phenomenon ofthe soil known as the base-exchange capacity. 
By determining the base-exchange capacity of the unmodified soil, then de- 
stroying the organic matter either by burning off or by treatment with certain 
chemical reagents, such as H,O», and again measuring the base exchange of the 
residual inorganic portion of the soil, one is able to demonstrate that humus 
plays an important part in this process; the difference between the two deter- 
minations is usually considered to be due to the humus fraction of the soil 
colloids. 


In certain investigations, a part of the soil humus was removed by treatment with an 
alkali solution, On acidification of the solution, a precipitate is formed; this is removed by 
filtration and washed with water. This washed precipitate, usually referred to as “humic 
acid” or “humus,” has been frequently used for studies of the combination of humus with 
bases (20). It has commonly been assumed that this humus fraction, even when isolated 
only from highmoor peat, is characteristic of the humus of both organic and mineral soils. 
This assumption is hardly justified, when one considers the difference in the chemical com- 
position of the plants and in the processes of decomposition. Further, since this fraction 
Tepresents only a part of the soil humus, the results obtained would have to be considerably 
modified before they could be interpreted in terms of the soil organic matter as a whole. 
As is quite probable that the base-absorbing or base-exchange complex of the soil largely 
consists of both clay and humus fractions in a definite combination (5, 21). 

Sey nature of interaction between neutral salts and soil humus, the absorption of bases, 
an of acids have attracted considerable attention in the past. A whole litera- 
tage ks this subject. An attempt has even been made to interpret the 
chemical nature umus i i 
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among the first to demonstrate that when peat and humates are allowed 
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to interact with salts, an exchange of bases will take place. Konig (13) concluded that 
humus is able to bind mechanically the alkali from alkali solutions. The higher the ash 
content of the peat the less is the amount of alkali absorbed, this absorption being highest in 
the case of sphagnum peat and lowest in lowmoor peat. König explained the difference in 
the behavior of the two types of peat by the greater decomposition of the latter. This led 
him to the generalization that the more decomposed a peat is the lower will be its absorbing 
capacity for bases. This is totally incorrect, since these two types of peat represent totally 
different chemical aggregates, aside from their base content. 

The absorption of bases from salts by humus complexes was considered by most investi- 
gators to be a chemical process. In many instances, observations made on the adsorption 
processes by coal or by artificial humus prepared from sugar were applied to explain the func- 
tion of humus in the soil. Here again, conclusions were based upon insufficient evidence. 
The general conception of this process can best be expressed by the idea of Berthelot and 
André, namely, 


He-humate + CaCle = Ca-humate + 2HCl 


This reaction was believed to explain the fact that when humus, poor in bases, is allowed 
to interact with salts acids are liberated. Baumann and Gully (4) believed that the process 
is purely physico-chemical; they explained the acid nature of humus compounds as due to 
their ability, as colloidal bodies, to adsorb the bases and liberate the acids free. 

More recently, however, the earlier chemical ideas have been prevailing. According to 
Heimann (8), for example, base absorption by “humic acids” is a stoichiometric relation; 
about as much base was found to be absorbed by freshly precipitated material as by the dry 
powder. The same kind of barium humate was prepared by precipitating an aqueous solu- 
tion of the sodium salt (humate) with BaCl; as by treating the insoluble “humic acid” with 
Ba(OH): solution. The salts of the “humic acids” thus prepared were found to possess a 
high base-exchange capacity, combining in the following manner: 


H-humate + Base = Base-humate + H+ 


Humus is a colloidal complex or a series of colloidal bodies, which possess a large surface 
and which show the characteristic properties of surface adsorption; this has no bearing, how- 
ever, upon the binding of the bases. According to Aarnio (1, 2), the ratios between humus, on 
the one hand, and the iron and aluminum with which it combines, on the other, vary con- 
siderably, depending on the humus source and on the concentration of the bases, so that the 
Fe,0;: humus, for example, was found to range from 1:0.9 to 1:2.79. In the case of soils 
with a high humus content, the tendency is for a low Fe,O; and a high Al,O; content. 

Since most soils contain an organic and an inorganic colloidal fraction, both of which are 
able to absorb bases, it is important to establish the relative functions of the two. Hissink 
(9) suggested that the organic portion of the soil has a much greater base-absorptive power 
than the inorganic or clay fraction; in estimating the lime requirement of the soil, he allowed 
for the humus fraction five times as much base-combining capacity as for the clay fraction. 
According to Alben (3), humus has seven times as much base absorptive capacity as bentonite. 
Sokolovski (22) calculated that, in the case of podzol soils, humus accounts for about two- 
thirds of the total absorptivecapacity. Gedroiz (7) also found that the calcium absorption of 
the soil is due largely to its humus content. He stated that the importance of the organic or 
the inorganic soil fractions in this process varies with different soils and with different horizons 
of the same soil. In the case of a tchernozem soil with a humus content of 10 per cent, the 
base exchange capacity was 54.1 m.e., of which 26.1 m.e. was due to the inorganic fraction 
and 28.0 to the organic. Thus 100 gm. of the mineral part of the soil had 29 m.e., whereas 
100 gm. of humus had 280 m.e. Since it is not the whole humus or the whole mineral part 
of the soil which acts as the absorption complex, but only 25 per cent of the mineral part 
and 30 per cent of the humus, in the particular soil, Gedroiz calculated that the mineral ab- 
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sorbing complex has a base-exchange capacity of 104.4 m.e. and the humus-absorbing com- 
plex of 933 m.e. or nine times as much. 

Gedroiz suggested that the combination between the organic and inorganic soil colloids 
jn the base-absorbing complex is not merely mechanical but is more intimate; this was demon- 
strated experimentally by Demolon and Barbier. According to Tiulin, the base absorption 
capacity of the soil, measured in terms of calcium, is parallel to the humus content, measured 
as total carbon. The carbon in the base-absorbing complex was thus found to be in constant 
relation to the soil absorptive capacity, this ratio being 2.7 for the tchernozem soils This 
ratio was much less for podzol soils, namely about 1.2, since, in addition to the humic-alu- 
mino-silicic complex, these soils contain also pure alumino-silicic compounds. 

McGeorge (15, 16) found that the base-exchange capacity of mineral soils rarely ex- 
ceeds 50 m.e. per 100 gm. of soil; however, in the case of organic soils, it reaches 
nearly 200. McGeorge, therefore, concluded that the organic matter of the soil functions 
largely as the exchange compound; he also found a chemical equivalent for the exchange 
reaction. McGeorge, as well as Tiulin (23), obtained a linear function for the ratio between 
the carbon content and the base-absorbing capacity, but not between the nitrogen content 
of the soil and the absorbing power. McGeorge believed these results to indicate that the 
non-nitrogenous compounds of the soil, largely the lignins and carbohydrates, are the principal 
absorbing agents. However, his conclusions that the nitrogenous constituents of the soil 
humus do not take any part in the absorbing capacity of the soil is totally unjustified, since 
he compared different soils with greatly varying C:N ratio, in which the chemical nature of 
the humus varied considerably. 

According to Kotzmann (14), humus (prepared by Grandeau’s procedure) combines with 
bases both chemically and physically. He obtained an equivalent weight of 308.7 for the 
ammonia absorbed and a similar Ca equivalent. By treatment of 1 gm. of “humic acid” 
with varying concentrations of bases, Kawamura (12) found that, as long as the initial con- 
centration of the base does not reach about 3.0 m.e. per 100 cc., it is taken up completely. 
The humus thus formed absorbs a further amount of base, as the concentration of the latter 
increases. AlCl, was shown to form with “humic acid” a compound corresponding to 
Al-tri-humate. 

In order to understand the origin of the ba&€xchange capacity of the soil humus, it is 
necessary to consider the origin of the humus itself and its chemical nature. It was definitely 
established in previous contributions from this laboratory, as well as by others, that lignin is an 
important constituent of the soil humus. Lignin does not exist, however, in the humus in a 
free state, but is combined, physically or chemically, with other organic compounds to form 
larger complexes. One such complex was synthesized in this laboratory; it consisted of lignin 
and protein; it possessed characteristic properties which made it similar to the “humic acid” 
commonly isolated from peat or soil. Since lignin is the characteristic constituent of this 
complex, it is of importance to determine its reactivity with bases. 

Wedekind and Garre (27) found that on treatment of lignin with different bases, a linear 
relation is obtained, the bases being irreversibly bound; this led to the conclusion that a true 
chemical compound has been formed. Kalb and associates (10) applied the term “alkali 
number” to designate the maximum absorption by lignin of base from one-half normal solu- 
tion; 100 gm. of lignin absorbed 0.170 gm. equivalents of barium, corresponding to an equiv- 
alent weight of lignin of about 590. The fact should be recalled here that Oden (20) found 
that “humic acid” isolated from peat had a gram-equivalent of 330 and that Mattson (17, 
18) obtained for the “humic acid” from peat a base-exchange capacity of 2.857 m.e., per 
gram, which shows an equivalent weight of 350. Wedekind and Garre also found that 
Cassel-brown or the natural “humic acid” behaves colloidally as lignin, and McGeorge has 
shown that the lignin content of organic matter and of highly organic soils is a linear function 
of the base-exchange capacity. 

McGeorge found that lignin isolated from corn cobs had a base-exchange capacity of 18.6 
m.e. of Ba and 20.6 of Ca per 100 gm.,.whereas “soil lignin” had 160.6 and 161.2 m.e. re- 
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spectively. In view of the fact that the alcoholic sodium hydroxide extract of soil will con- 
tain other substances in addition to lignin, the term “soil lignin” can be applied to this fraction 
only with considerable reservation, since it is not equivalent to lignin which is usually obtained 
from plants. When the soil was extracted with aqueous NaOH solution, a substance was 
obtained (“humic acid”), which had a still greater base-exchange capacity, exceeding 300 
(384-378). Lignin treated with alkali solutions of acids showed an increase in base-exchange 
capacity. 

In a recent paper, Mitchell (19) demonstrated that the organic matter of different soils 
varies considerably in its base-exchange capacity; according to him, lignin freshly isolated , 
from plant materials has a very low base-exchange capacity, whereas “lignin-humus,” or 
the lignin of the soil, is largely responsible for the base-exchange capacity of the soil organic 
matter. The term “lignin-humus” or “soil lignin” was introduced by the senior author (26) 
to designate that constituent of the humus in peat and in mineral soils which has the chemical 
properties characteristic of lignin; it did not, of course, mean that this compound exists in the 
Soil in a free state and independent of the other organic constituents of humus or that it can be 
isolated as such from it. Unfortunately, both McGeorge and Mitchell applied this term to 
that portion of the humus in peats and soils which is soluble in alkalies and is precipitated by 
acids, or which is not acted upon by 72 per cent sulfuric acid. A preparation thus obtained 
from peats, soils, and composts is not at all pure lignin; even if these preparations contain 
only small amounts of nitrogen, the latter is sufficient to change completely their properties 
from that of the original lignin, especially as regards the base-exchange capacity. 

The isoelectric precipitation of humic acids from peat in the presence of proteins, on the 
ene hand, and of iron and aluminum, on the other, has been recently investigated by Mattson. 
He found that the colloidal humic complex lowers the isoelectric point of the proteins. The 
“humates” of iron and aluminum show an electropositive maximum on the acid side of the 
isoelectric point, and when the proportion of humus is high, a second isoelectric point. The 
exchange capacity of humus, at pH 7.0, increased with the proportion of humus to the sesqui- 
oxide. The humate ion was found to displace the PO, ion and to a still greater extent the 
SiO; ion. 


EXPERIMENTAL 


It has been shown previously (24, 25) that lignin does not exist in humus 
in a free state but is combined with other substances to form various complexes 
which give the properties characteristic of humus. Among the most important 
substances which combine with lignin to give rise to some of the constituents 
of humus, the proteins or the organic nitrogenous complexes deserve first 
consideration. It has also been found that, as a result of interaction of 
Egnins and proteins, complexes are formed which render the protein more 
resistant to decomposition by microérganisms. In view of the fact that lignin 
im a modified condition is no doubt responsible for some of the important 
physico-chemical properties of the humus, such as the base-exchange capacity, 
whereas in a free state it possesses only a comparatively low capacity of 
exchange, it remained to be determined how the complexes formed between 
Egnin and proteins behave in this respect. 

The determination of the base-exchange capacity of lignin and of ligno- 
Protein complexes was carried out as follows: 1 to 1.5 gm. of the air-dry 
material or about 10 gm. of the fresh moist preparations were placed into 
250-cc. beakers and treated with about 100 cc. of 1N calcium acetate solution 
of pH 7.0. The complexes were allowed to remain in contact with the acetate 
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solution over night and then were transferred to filters and leached several 
times with the acetate solution until the last leachings were neutral in reaction. 
The complexes were then treated with about 10 cc. of 10 per cent CaCl: solu- 
tion and washed with distilled water, at pH 7.0, till free from chlorides, as 
tested by the silver nitrate reagent. The calcium-saturated complexes, from 
which the excess of calcium salts has been removed were now leached with 
1N NH,Cl solution several times, in small lots, until the last leachings were 
free from calcium, as tested by ammonium oxalate. The leachings were 
concentrated to a small bulk and treated with ammonium oxalate solution; 
the precipitated calcium oxalate was now transferred to quantitative filter 
papers, washed free from chlorides, ignited, and weighed as CaO. From the 
weight of the oxide obtained, the base-exchange capacity of the complexes 
was calculated. 

In the first two experiments, alkali lignin from rye straw and casein as a 
source of protein were used. Table 1 shows that the alkali lignin itself had 
only a low-base exchange capacity; however, the ligno-proteins, especially the 
calcium compound, had a high exchange capacity. No explanation can be 
offered at this time for this difference; it may be due to an insufficient satura- 
tion of the H-complex with calcium in the study of the base replacement. 
These results need further confirmation. 

In order to determine the effect of protein concentration, three complexes 
containing varying amounts of casein were prepared. The ratio of lignin to 
casein was 2:1 (A), 4:1 (B), and 8:1 (C). The results (table 2) show that 
with a decrease in the relative protein content of the complex, the base-ex- 
change capacity decreases. The exchange capacity of these complexes was 
compared with that of natural humus obtained from peat and mineral soil by 
extraction with 4 per cent NaOH solution and precipitation with mineral acid. 
It was found that the exchange capacity of humus varies considerably, de- 
pending upon the nature of the material from which it was extracted. The 
artificial] humus complex prepared with a varying ligno-protein ratio had about 
the same capacity as the humus obtained from mineral soil, but less than the 
capacity of humus prepared from peat. The difference in the exchange 
capacity of the humus obtained from different sources may partly be due to 
differences in the chemical composition of the humus itself and partly to 
accompanying inorganic substances. 

These results prove beyond doubt that the artificial humus complexes, or 
the synthesized ligno-proteins, possess a high base-exchange capacity, which 
places them on a level similar to that of the natural humus in soil. The results 
presented in table 1 point to the fact that the mineral part of the complex 
may have a most important influence upon the base-exchange capacity. In 
order to throw further light upon this problem, several 4-gm. quantities of the 
six preparations described in table 2 were dissolved or dispersed in a dilute 
alkali solution, the reaction adjusted with HCl to pH 7.0, and the complex 
precipitated with solutions of CaCly, FeCl, and AlCl. The precipitates 
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TABLE 1 
The base-exchange capacity of lignin and of ligno-protvin complexes 


BASE EXCHANGE 


NATURE OF THE MATERIAL pads ty alee 
MATERIAL 
PRS OI os coats asicta'v o/s a BRS am Sena a) Sameera suas EETRI 6.5 
Hydrogen ligno-proteinate...................... ENET T T 63.2 
Cuinn ene Eaa ss see yoa a AETA ia 125.0 
TABLE 2 


Influence of protein concentration upon the base-exchange capacity of ligno-protein complexes 


BASE-EXCHANGE 
RATIO 
NUMBER OF 


sete NATURE OF PREPARATION OF LIGNIN 70 pni ean 
OF MATERIAL 
per cent 

1 Lignin es 0.28 6.1 

2 H-ligno-proteinate (A) 2:1 3.81 90.0 

3 H-ligno-proteinate (B) 4:1 2.65 69.7 

4 H-ligno-proteinate (C) 8:1 1.67 46.8 

5 e-humus from peat sis 3.47 292.9 

6 a-humus from soi]* ace 2.79 73.2 


* This preparation had 25.4 per cent ash, whereas the peat humus had only 4.0 per cent 
ash, showing that the first was not purified carefully from mineral constituents. 


TABLE 3 
Influence of base upon the base-exchange capacity of synthetic and natural humus preparations 


. BASE-EXCHANGE 
NATURE OF PREPARATION eect | E r reor ME PER 100'ow. 
TION 
” per cent per cent 
Aika a rI a C E AE E AE Cat» 0.28 5.8 17.9 
Alva Bahera ian aN E Feti 0.25 10.2 73 
IRAN PI. naea a Al+ 0.28 7.2 2:5 
Ligno-casein complex, 2:1............... Catt 2.77 9.3 148.5 
Ligno-casein complex, 2:1..............- Fett 3.14 9.2 35.6 
Ligno-casein complex, 2:1............-.- Altt+ 2.91 7.2 vA 
Ligno-casein complex, 4:1............-.. Catt 1.82 11.2 123.6 
Ligno-casein complex, 4:1............... Fett+ 2.58 7.4 23.6 
Ligno-casein complex, 4:1.........-..-.. A> 1.82 6.7 7.1 
Ligno-casein complex, 8:1........-....-- Cart 1.37 PY i 90.0 
Ligno-casein complex, 8:1............... Fertt 1.68 7.0 22.1 
Ligno-casein complex, 8:1........-.-.--. Ate 1.43 6.6 6.4 
e-humus from peat................-005- Cat 3.14 7.8 330.0 
e-humus from peat... sess sasiaren Pert 3.36 12.1 84.7 
a-humus from peat..........-.....0005 Ar 3.02 8.7 32:3 
e-humus from soil...............--..--- Catt 2.18 30.8 135.9 
humus from a ssar ngs sees aN Feti 2.72 33.9 50.0 
Shmi son aa ee mr Arm 2.38 28.7 28.6 
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obtained were filtered off and thoroughly washed with distilled water. The 
calcium complee gave an invariably much more colored filtrate than the iron 
and aluminum complexes, pointing to a greater solubility of the former. The 
preparations were then dried, analyzed for nitrogen and ash, and used for the 
base-exchange determinations. 

The results of the analyses of the base-exchange capacities of the various 
preparations given in table 3 tend to demonstrate that the nature of the in- 
organic ion combining with the organic substance is of the greatest importance 
in determining the base-exchange capacity of the preparation. They also 
point to an exact similarity in behavior beween the synthetic and the natural 
humus preparations. The lignin had a low base-exchange capacity, inde- 
pendent of the base with which it was combined, whereas the ligno-protein 
complexes had a comparatively high capacity. The calcium complexes 
showed the highest exchange of bases, and the aluminum complexes gave the 
lowest exchange. The humus isolated from peat again had a higher base- 
exchange capacity than the humus from mineral soils. In both cases, how- 
ever, the nature of the base with which the humus was combined influenced 
markedly the base-exchange capacity of the humus. Both humus prepara- 
tions behaved, however, in an exactly similar manner as the ligno-protein 
complexes. The influence of the sesquioxides on the cation exchange tends 
to confirm Mattson’s results that the acidoid radical, in this case the artificial 
humus or ligno-protein complex, is in partial combination with the sesquioxide 
and that the free acidoid valencies are responsible for the base exchange. 

It seemed important to determine to what extent the high base-exchange 
capacity of the synthetic humus preparations is due to the complex formation 
between the lignin and the protein, which results in a new compound having 
properties different from those of both constituent substances. This com- 
pound formed between lignin and protein has different chemical properties 
and exerts a specific effect upon the activities of microjrganisms (25). It 
remained to be established to what extent the physico-chemical behavior of 
the complex, as measured by the base-exchange capacity, is different from 
that of lignin and protein individually. 

For this investigation, gliadin prepared from wheat flour was used as a source 
of protein. A ligno-gliadin complex, of a ratio of 4:1, with hydrogen as the 
base, was prepared and used for the study of the base-exchange capacity. The 
results are reported in milli-equivalents per 100 gm. of the preparation. Lignin 
had a m.e. of 6.7, gliadin itself had a m.e. of 66.78, and the ligno-gliadin com- 
plex had a m.e. of 130.15. These results enable one to make the following 
calculations: 


SOG raat aE EN Va 11 e APENE OE SEAE AEE EN sacs Meese ome 66.78 m.e 
S00 ori, oe Gne a Shim Lamas a a E e 26.80 m.e 
i REEE ES E EE T D A E o 93.58 m.e. 
DO SISOS Ea E A E PAN E E REE, cn cae nes 650.75 m.e. 


PGain in Dae exchange pa aai eisd AaS 557.17 m.e. 
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The base-exchange capacity of the complex formed from lignin and gliadin 
is nearly seven times as great as could be accounted for by the two complexes 
individually. This gain is thus found to be due to certain new properties 
gained by the complex. 

It will be shown in a later contribution that drying of the ligno-protein 
complexes makes them more resistant to decomposition by microérganisms. In 
order to determine whether these complexes vary in their base-exchange capac- 
ity depending on whether they are present in a freshly prepared moist state 
or in a dry state, a series of preparations containing different proportions of 
lignin and protein were made. Two proteins, namely, casein and egg-albumen, 
were used for this purpose. The lignin and the protein were dissolved in 
different proportions in alkali solutions, precipitated with HC] in the cold, 
and washed with distilled water until free from acid. A part of the moist 


TABLE 4 
Influence of drying of ligno-protein complexes upon their base-exchange capacity 


MOIST PREPARATIONS 
NITROGEN | —— ae AIR-DEY 


Ratio or | CONTENT Base- PREPARATION 
NATURE OF PROTEIN LIGNIN TO ba exchange | BASE-EXCHANGE 
Promem | PREPARA- | Moisture | Capacity, CAPACITY, M.E. 
TION (DRY content m.t. per | PER 100 Gu. OF DRY 
BASIS) 100 gm. of PREPARATION 
prepa- 
ration 


| iF 


CBSE PRETE E EAE A 25:4 2.67 89.5 99.8 92.1 
Chohan SHIRE FIER 25:8 3.79 91.1 141.6 132.1 
CASE cas aunas 25:15 5.15 91.1 159.4 143.2 
Egg-albumen.......0.s2-0-0++ 25:4 2.29 90.0 112.6 104.1 
Egg-albumen..........---.-. 25:8 3.71 90.1 132.5 124.1 
Egg-albumen............-.-. 25:15 4.83 91.2 148.6 139.4 
a-fraction from peat..........] -+--+ 3.37 92.6 321.4 308.3 


preparations thus obtained was used immediately for base-exchange deter- 
minations, and another part was previously air-dried so as to reduce the 
moisture to about 6-8 per cent. The results are calculated in both instances 
on the basis of 100 gm. of dry material. For the purpose of comparison, the 
a-fraction was prepared from lowmoor peat, by extraction with alkali solution, 
precipitation with mineral acid and washing; this preparation as well was used, 
both in a moist and in a dry condition. It is to be recalled that the a-fraction 
is comparable to the “humic acid” preparations. 

The results presented in table 4 show again that the base-exchange capacity 
of ligno-protein complexes increases with an increase in the relative protein 
content, not in direct proportion, however as is shown in figure 1. The proc- 
ess of drying of the complex reduces somewhat its base-exchange capacity, 
but not to any very marked extent. 

The humus commonly used for the base-exchange determinations is obtained 


CHEMICAL NATURE OF HUMUS: III 65 


from peat or from mineral soil by extraction with dilute alkali solutions and 
precipitation by acids. It is usually assumed that this represents the colloid 
part of the soil humus which is most active in the absorbing capacity of the soil. 
It is quite essential to compare the base-combining properties of this fraction of 
humus with that of the humus as a whole as well as with the part left insoluble 
in dilute alkalies, namely, the “humin” fraction. A lowmoor peat was used 
for this purpose. Three kilograms of moist peat, containing 64 per cent mois- 
ture, was first extracted in the cold, with 4 per cent NaOH solution, for several 
days. The extract was removed by filtration through paper and the residue 
again extracted with fresh alkali solution in the cold. The filtrates were 
combined and treated with cold HCl. The precipitate formed was filtered 


BASE EXCHANGE CAPACITY 


M. £. OF 100 GM. OF DRY PREPARATION 


o 4 8 
PROTEIN CONCENTRATION 


Fic. 1. INFLUENCE oF PROTEIN CONCENTRATION IN THE LIGNIN-PROTEIN COMPLEXES UPON 
Tem BASE-EXCHANGE CAPACITY: Parts OF PROTEIN TO 25 Parts oF LIGNIN 


off, washed with distilled water, dried, and labelled 7a. The dry yield was 
158 gm. The moist peat residue was now extracted with 4 per cent NaOH 
solution, for 1 hour at 15 pounds pressure. The extract was removed by 
filtration and the residue again extracted with fresh NaOH solution at 15 
pounds pressure. The filtrates were combined and precipitated with HCl; 
the precipitate was washed and dried, yielding 100 gm. of dry material (la- 
belled 2a). The peat residue was neutralized with dilute HC] solution, 
washed with distilled water, and dried; the residue (labelled 3a) weighed 
180 gm. The base-exchange capacity of these three preparations was com- 
pared with that of the original peat. In addition to the lowmoor peat, a 
woody peat from Wisconsin, as well as the a-humus preparation from this 
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peat obtained by extraction with hot NaOH solution, and Cassel Brown 
obtained from Germany were used. 

The results given in table 5 show that the alkali extracts from peat a part 
of the organic matter which has a much higher base-exchange capacity than 
the original peat. However, the residual part of the peat, left after the alkali 
extraction, is not totally devoid of such capacity. 


TABLE 5 
Base-exchange capacity of different preparations from peat and Cassel Brown 


BASE-EXCHANGE 


- CAPACITY, 
NATURE OF PREPARATION aae F ME. PER i 00 
PREPARATION 
per cent per ceni 

Original lowmoor peat (a)..-........-.2..---.--5- Jin 13:4 3.55 145.3 
Cold:alealh eare Giaa un aama aoa 25 3.26 234.3 
Hotalkaliextract (28) asri ees Bees sees es ee 0.8 2.68 246.0 
Residnal:hamin’ (Ga) aas ccnviesice KEEK sleeps oie saN 14.4 2.21 124.0 
WENGE HERO A sorseces igaay weeds 17.8 2.37 118.0 
Alkali extract from woody peat (ib).............---.. 2.6 3.16 251.3 
CAGE BYOWAR coisas corneie es as tae ees Rew Rees WEeew 11.6 0.68 252.0 


SUMMARY 


Artificial humus complexes, namely ligno-proteins, possess a much higher 
base-exchange capacity than does free lignin. 

The base-exchange capacity of ligno-protein preparations increases with an 
increase in the protein content. 

The nature of the base used in preparing the ligno-protein complexes in- 
fluences considerably their base-exchange capacity, the calcium complex 
giving the highest capacity and the aluminum, the lowest; iron being a weaker 
base stands midway. 

Natural humus preparations obtained from mineral soils and from peat 
showed distinct differences in their base-exchange capacity. 

The base-exchange capacity of a complex formed from lignin and gliadin 
was about seven times as great as that of the individual constituents. 

Drying of the ligno-protein complexes reduces their base-exchange capacity 
only to a limited extent. 
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